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Introduction: In a published analysis of all carotid endarterectomies (CEAs) performed in New York state from 1990 to
1995, perioperative mortality rate was inversely correlated with surgeon and hospital CEA volume, was significantly
higher when CEAs were performed by surgeons who performed less than five CEAs annually, and was significantly lower
in hospitals where surgeons performed more than 100 CEAs annually. The purpose of this study was to determine
whether this information has influenced practice patterns in New York state.
Methods: The database of the Center for Medical Consumers was queried to determine the volume distribution among
surgeons and hospitals of all CEAs performed in New York state in 1999 and 2000.
Results: During 1999, 695 surgeons in 169 hospitals performed 9458 CEAs (mean, 13.6 per surgeon). Three hundred
fifty-three surgeons (51%) performed less than five CEAs, and 180 (26%) performed only one CEA during the year. Only
41 surgeons (6%) performed more than 50 CEAs. Likewise, in only 28 of the hospitals (17%) were more than 100 CEAs
performed during 1999, whereas in 73 of the hospitals (43%) 20 or less CEAs were carried out during the year. During
2000, 684 surgeons performed 8196 CEAs in 165 hospitals. Three hundred fifty-three (52%) performed less than five
CEAs, and 229 (33%) performed only one CEA during the year. Only 33 surgeons (5%) performed more than 50 CEAs
during 2000. In only 26 hospitals (16%) were more than 100 CEAs performed during 2000, whereas in 71 hospitals
(43%) 20 or less CEAs were carried out.
Conclusion: It appears that published compelling evidence that operator and institutional volume influence outcome has
not influenced referral patterns or lead to a regionalization of CEA care in New York state. Robust educational programs
directed to patients and referring physicians appear indicated. (J Vasc Surg 2002;36:1146-53.)
Several randomized prospective multicenter clinical tri-
als have confirmed the superiority of carotid endarterec-
tomy (CEA) when compared with the medical manage-
ment of patients with significant carotid stenoses. In
addition, numerous population-based studies have corre-
lated optimal surgical outcomes with CEA operative expe-
rience. For example, in an analysis of all CEAs performed in
New York state from 1990 to 1995, perioperative mortality
rate was inversely correlated with surgeon and hospital
CEA volume, was significantly higher when CEAs were
performed by surgeons who performed less than five CEAs
annually, and was significantly lower in hospitals where
surgeons performed more than 100 CEAs annually.1 The
purpose of this study was to determine whether this infor-
mation has influenced practice patterns in New York state.
MATERIAL AND METHODS
To obtain information on the distribution of provider
and hospital CEAs, we used reports of hospital and physi-
cian-specific volume in 1999 and 2000 provided by the
Center for Medical Consumers, a nonprofit advocacy orga-
nization involved in efforts to improve the quality of health-
care.2 The earliest year for which this data was provided was
1999, and the most recent data were from 2000. The
reports were derived from the New York State Statewide
Planning and Research Cooperative System (SPARCS) da-
tabase and ambulatory surgery database, which are com-
prised of information filed by hospitals and licensed ambu-
latory surgery facilities with the New York State
Department of Health for every discharged patient. This is
the same database used in the previous CEA outcomes
study published from New York state.1 The Department of
Health maintains the SPARCS and ambulatory surgery
databases and annually aggregates these reports from li-
censed healthcare facilities into files that contain no indi-
vidually identifiable patient information. To prepare the
reports of hospital volume, the Center sorted all observa-
tions containing specific procedure codes listed in the man-
ual of the International Classification of Diseases, Ninth
Revision (ICD-9). The ICD-9 code appeared either in the
primary procedure code field or any of the 14 “other”
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procedure code fields. To prepare the reports of physician-
specific volume, the Center obtained a computer file from
the State Education Department’s Office of the Professions
that matched physician license numbers with physician
names. Both the SPARCS and ambulatory surgery data-
bases use physician license number as an identifier. The
Center’s reports list volume information only for those
physicians for whom a license number was matched with a
name.
We queried the database for “Other Head and Neck
Endarterectomy,” ICD-9 code 38.12, as a marker for CEA.
The total number of endarterectomies was stratified by
both surgeon and hospital volume to determine the distri-
bution. Low-volume, moderate-volume, high-volume, and
very high–volume surgeons were arbitrarily categorized as
those performing 10 or less, 11 to 20, 21 to 50, and more
than 50 endarterectomies, respectively. Low-volume, mod-
erate-volume, high-volume, and very high–volume hospi-
tals were categorized as having 20 or less, 21 to 50, 51 to
100, and more than 100 endarterectomies per year. Each
surgeon identified was associated with just one hospital in
this database. Major teaching hospitals are defined by the
Council of Teaching Hospitals of the Association of Amer-
ican Medical Colleges as having an intern-and-resident-to-
bed ratio of 0.25 or greater. By this definition, 57 major
teaching hospitals were found in New York state, including
49 in the New York City metropolitan area.
Analysis of volume distribution by metropolitan area
size was performed as follows: urban centers were defined
as those with five or more hospitals, and small towns as
those with only one hospital. 2 test was used to compare
CEA operative volumes between 1999 and 2000.
RESULTS
During 1999, 695 surgeons performed 9458 CEAs in
169 hospitals. The number of CEAs ranged from one to
404 (mean, 13.6) per surgeon during the year. As noted in
Table I, 67.3% of the surgeons were categorized as low-
volume, 13.1% as moderate-volume, 13.7% as high-vol-
ume, and only 5.8% as very high–volume operators. Among
the low-volume group, 180 surgeons (25.9%) performed
only one CEA and 95 surgeons (13.7%) performed two
CEAs during the year. One hundred ninety-three surgeons
(27.7%) performed from three to 10 endarterectomies dur-
ing 1999. Among the series of 9458 CEAs statewide, 1483
(15.7%) were performed by low-volume, 1363 (14.4%) by
moderate-volume, 2970 (31.4%) by high-volume, and
3642 (38.5%) by very high–volume operators (Table II). In
other words, the patient had a less than one in two chance
of undergoing the procedure with a very high–volume
operator but approximately a one in six chance of under-
going the operation with a low-volume surgeon.
Among the 169 hospitals in which CEAs were per-
formed in 1999, the number of CEAs performed ranged
from one to 448 (mean, 56.0). Seventy-five hospitals
(44.4%) were categorized as low-volume, 34 (20.1%) as
moderate-volume, 32 (18.9%) as high-volume, and 28
(16.6%) as very high–volume institutions (Table III). Six
Table I. Distribution of endarterectomies among surgeons
Surgeon
volume Category
1999 2000
No. Category total
Percentage
of total No. Category total
Percentage
of total
1 Low volume 180 (25.9%) 468 67.3% 229 (33.5%) 479 70.0%
2 95 (13.7%) 58 (8.5%)
3 to 5 92 (13.2%) 100 (14.6%)
6 to 10 101 (14.5%) 92 (13.5%)
11 to 15 Moderate volume 51 (7.3%) 91 13.1% 52 (7.6%) 90 13.2%
16 to 20 40 (5.8%) 38 (5.6%)
21 to 30 High volume 50 (7.2%) 95 13.7% 51 (7.5%) 82 12.0%
31 to 40 30 (4.3%) 20 (2.9%)
41 to 50 15 (2.2%) 11 (1.6%)
51 to 100 Very high volume 33 (4.7%) 41 5.8% 26 (3.8%) 33 4.8%
101 to 404 8 (1.2%) 7 (1.0%)
Table II. Distribution of endarterectomies among low-volume, moderate-volume, high-volume, and very high–volume
surgeons
Surgeon category
1999 2000
No. Percentage of total No. Percentage of total
Low volume 1483 15.7% 1472 18.0%
Moderate volume 1363 14.4% 1351 16.5%
High volume 2970 31.4% 2439 29.8%
Very high volume 3642 38.5% 2934 35.8%
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urban centers were identified in this database, defined as
having five or more hospitals, including the Bronx, Brook-
lyn, Buffalo, New York, Rochester, and Staten Island. A
total of 3215 CEAs was performed in the 55 hospitals in
these areas. The mean number of CEAs performed per
hospital in these urban centers ranged from 22.5 to 145.4
during 1999 (Table IV). Conversely, 76 hospitals were
located in small towns, defined as one hospital per geo-
graphic area. During 1999, 3935 CEAs were performed in
these 76 small town hospitals (mean, 51.8 per hospital).
The remaining 2308 CEAs were performed in hospitals in
communities in which two to four hospitals were located
(mean, 60.7).
Among major teaching hospitals, the number of CEAs
ranged from one to 371 (mean, 56.2) in 1999 (Table V). The
major teaching hospitals included 26 (56.5%) low-volume,
five (10.9%) moderate-volume, six (13.0%) high-volume, and
nine (19.6%) very high–volume centers. Among nonteaching
hospitals, 49 (39.8%) low-volume, 29 (23.6%) moderate-
volume, 26 (21.1%) high-volume, and 19 (15.4%) very high–
volume centers were found (Table VI).
During 2000, 684 surgeons performed 8196 CEAs in
165 hospitals. The number of CEAs ranged from one to
292 (mean, 12.0) per surgeon during the year. In fact, the
same surgeon who performed 404 CEAs in 1999 per-
formed 292 cases in 2000. One could not discern the
reasons for this decline from the database. As noted in
Table I, 70.0% of the surgeons were categorized as low-
volume, 13.2% as moderate-volume, 12.0% as high-vol-
ume, and only 4.8% as very high–volume operators. Among
the low-volume group, 229 surgeons (33.5%) performed
only one CEA and 58 surgeons (8.5%) performed two
CEAs during the year. As in 1999, roughly 200 surgeons
(28.1%) performed from three to 10 endarterectomies.
Among the series of 8192 CEAs statewide, 1472 (18.0%)
were performed by low-volume, 1351 (16.5%) by moder-
ate-volume, 2439 (29.8%) by high-volume, and 2934
(35.8%) by very high–volume operators (Table II). In other
words, the patient had a nearly one in three chance of
undergoing the procedure with a very high–volume oper-
ator but roughly a one in six chance of undergoing the
operation with a low-volume surgeon.
Table III. Distribution of endarterectomies among hospitals
Hospital
volume Category
1999 2000
No. Category total
Percentage
of total No. Category total
Percentage
of total
1 to 5 Low volume 30 (17.8%) 75 44.4% 33 (20.0%) 71 43.0%
6 to 10 21 (12.4%) 19 (11.5%)
11 to 15 17 (10.1%) 8 ( 4.6%)
16 to 20 7 ( 4.1%) 11 ( 6.7%)
21 to 25 Moderate
volume
7 ( 4.1%) 34 20.1% 9 ( 5.5%) 43 26.1%
26 to 50 27 (16.0%) 34 (20.6%)
51 to 75 High
volume
23 (13.6%) 32 18.9% 15 ( 9.1%) 25 15.2%
76 to 100 9 ( 5.3%) 10 ( 6.1%)
101 to 200 Very high
volume
17 (10.1%) 28 16.6% 19 (11.5%) 26 15.8%
201 to 615 11 ( 6.5%) 7 ( 4.2%)
Table IV. Endarterectomies per hospital in urban centers, moderately-sized cities, and small towns
Location
1999 2000
No. CEAs No. hospitals Average no. CEAs per hospital No. CEAs No. hospitals Average no. CEAs per hospital
Bronx 180 8 22.5 160 8 20.0
Brooklyn 437 15 29.1 421 17 24.8
Buffalo 561 6 93.5 563 5 112.6
New York 1004 16 62.8 876 13 67.4
Rochester 727 5 145.4 626 5 125.2
Staten Island 306 5 61.2 NA NA NA
Urban center
(25 hospitals)
3215 55 58.5 2646 48 55.1
Moderately sized
(2-4 hospitals)
2308 38 60.7 2174 43 50.6
Small towns
(1 hospital)
3935 76 51.8 3376 74 45.6
NA, Not applicable.
JOURNAL OF VASCULAR SURGERY
December 20021148 Matsen et al
Among the 165 hospitals in which CEAs were per-
formed in 2000, the number of CEAs performed ranged
from one to 381 (mean, 49.7). Seventy-one hospitals
(43.0%) were categorized as low-volume, 43 (26.1%) as
moderate-volume, 25 (15.2%) as high-volume, and 26
(15.8%) as very high–volume institutions (Table III). Five
urban centers were identified in this database, defined as
having five or more hospitals, including the Bronx, Brook-
lyn, Buffalo, New York, and Rochester. A total of 2646
CEAs was performed in the 48 hospitals in these areas. The
mean number of CEAs performed per hospital in these
urban centers ranged from 20.0 to 125.2 during 2000
(Table IV). Conversely, seventy-four hospitals were in
small towns, defined as one hospital per geographic area.
During 2000, 3376 CEAs were performed in these 74
small town hospitals (mean, 45.6 per hospital). The re-
maining 2356 CEAs were performed in hospitals in com-
munities in which two to four hospitals were located (mean,
54.8).
Among major teaching hospitals, the number of CEAs
ranged from one to 316 (mean, 53.4) in 2000 (Table V).
The major teaching hospitals included 25 (54.3%) low-
volume, seven (15.2%) moderate-volume, four (8.7%)
high-volume, and 10 (21.7%) very high–volume centers.
There were 119 nonteaching hospitals, including 46
(38.7%) low-volume, 36 (30.3%) moderate-volume, 21
(17.6%) high-volume, and 16 (13.4%) very high–volume
centers. In total, 5922 CEAs were performed in these 119
nonteaching hospitals.
During the 2 years of analysis, we found no significant
difference in the distribution of CEAs among surgeons
performing less than five or five or more CEAs or the
number of hospitals in which 100 or less or more than 100
CEAs were performed, the two volume thresholds noted to
influence outcome in a previous New York state analysis.1
Specifically, the number of surgeons performing more than
five or five or less CEAs were 328 and 367 in 1999 and 297
and 387 in 2000, respectively (P  .552). Likewise, the
number of hospitals in which 100 or less or more than 100
CEAs were performed were 141 and 28 in 1999 and 139
and 26 in 2000, respectively (P  .679). The number of
teaching hospitals in which 100 or less or more than 100
CEAs were performed were 37 and nine in 1999 and 36
and 10 in 2000, respectively (P  .710). Likewise, among
nonteaching hospitals, the distribution was 104 and 19 in
1999 and 103 and 16 in 2000, respectively (P  .487).
Table VI. Distribution of endarterectomies among nonteaching hospitals: Low-volume, moderate-volume, high-
volume, and very high-volume institutions
Hospital
volume Category
1999 2000
No. Category total
Percentage
of total No. Category total
Percentage
of totals
1 to 5 Low volume 19 (15.4%) 49 39.8% 23 (19.3%) 46 38.7%
6 to 10 14 (11.4%) 10 (8.4%)
11 to 15 12 (9.8%) 4 (3.4%)
16 to 20 4 (3.3%) 9 (7.6%)
21 to 25 Moderate volume 4 (3.3%) 29 23.6% 9 (7.6%) 36 30.3%
26 to 50 25 (20.3%) 27 (22.7%)
51 to 75 High volume 20 (16.3%) 26 21.1% 14 (11.8%) 21 17.0%
76 to 100 6 (4.9%) 7 (5.9%)
101 to 200 Very high volume 11 (8.9%) 19 15.4% 12 (10.1%) 16 13.4%
201 to 615 8 (6.5%) 4 (3.4%)
Table V. Distribution of endarterectomies among major teaching hospitals: Low-volume, moderate-volume, high-
volume, and very high-volume institutions
Hospital
volume Category
1999 2000
No. Category total
Percentage
of total No. Category total
Percentage
of totals
1 to 5 Low volume 11 (23.9%) 26 56.5% 10 (21.7%) 25 54.3%
6 to 10 7 (15.2%) 9 (19.6%)
11 to 15 5 (10.9%) 4 (8.7%)
16 to 20 3 (6.5%) 2 (4.3%)
21 to 25 Moderate volume 3 (6.5%) 5 10.9% 0 7 15.2%
26 to 50 2 (4.3%) 7 (15.2%)
51 to 75 High volume 3 (6.5%) 6 13.0% 1 (2.2%) 4 8.7%
76 to 100 3 (6.5%) 3 (6.5%)
101 to 200 Very high volume 6 (13.0%) 9 19.6% 7 (15.2%) 10 21.7%
201 to 615 3 (6.5%) 3 (6.5%)
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DISCUSSION
During the past nearly five decades since its introduc-
tion, CEA has become the most frequently performed
noncardiac vascular surgical procedure in this country, with
more than 130,000 operations estimated to occur annual-
ly.3 The dramatic growth in the performance of this oper-
ation during the last decade has been supported by several
randomized prospective clinical trials that have clearly af-
firmed the safety and efficacy of CEA and its superiority
when compared with the best medical management of
patients with both symptomatic and asymptomatic ex-
tracranial carotid stenoses.4-6 The long-term benefit of
CEA is obviously dependent on its performance with ac-
ceptably low rates of perioperative neurologic morbidity
and mortality. Although the results of the randomized trials
clearly showed the safety of CEA, because the procedures
were performed in select high-volume centers by skilled
carotid surgeons who underwent a careful vetting process,
it has been suggested by some that these results may not
truly reflect the outcome of the operation as carried out in
the surgical community at large. Several recent population-
based studies have confirmed that CEA has become an
acceptably safe procedure in contemporary practice, and
although isolated early reports challenged the relationship
between operative volume and surgical outcome,7,8 these
more recent studies have affirmed the critical influence of
surgeon and hospital operative volume on outcome.
For example, in a review of more than 11,000 CEAs
performed in the state of Tennessee from 1979 through
1988, Edwards et al9 showed a significant reduction in
perioperative mortality rate (P  .05) and stroke rate (P 
.001) when the operations were performed by high-volume
surgeons, although hospital volume did not impact on
these outcome measures. Conversely, an analysis of CEA
outcome among Medicare beneficiaries documented a sig-
nificantly higher mortality rate when operations were per-
formed in low-volume hospitals.10 Another study of Medi-
care beneficiaries undergoing CEA in Ohio during 1993
and 1994 noted a 71% (P  .006) reduction in periopera-
tive mortality/morbidity rate when operations were per-
formed in high-volume hospitals.11 Low hospital CEA
volume was also associated with higher perioperative mor-
tality and stroke rates, respectively, in an analysis of more
than 45,000 CEAs performed in Florida between 1992 and
1996.12 Likewise, Perler et al,13 in a review of nearly
10,000 consecutive elective CEAs performed in the state of
Maryland, reported a statewide stroke and mortality rate of
2.6%, and this study identified a clear relationship between
provider and hospital volume on outcome. Specifically, the
perioperative inhospital stroke rate was 6.1% in low-vol-
ume, 1.3% in moderate-volume, and 1.8% in high-volume
hospitals. Likewise, operative mortality rate was 1.9% in
low-volume, 1.1% in moderate-volume, and 0.8% in high-
volume centers (P  .0001).13 Of particular relevance to
this study, in a review of 28,207 CEAs performed in New
York state from 1990 to 1995, Hannan et al1 reported an
inverse correlation between both surgeon and hospital
volume. Operative mortality rate was significantly higher
when the CEA was performed by surgeons who carried out
less than five CEAs per year. Likewise, operative mortality
rate was significantly lower when the CEA was performed
in a hospital in which more than 100 procedures were
performed annually.1
The impact of surgeon caseload has been confirmed in
other statewide analyses. For example, in a study of Medi-
care beneficiaries undergoing CEA in Pennsylvania, the
operative mortality rate was 2.6% among low-volume (30
CEAs/y) and 1.2% among high-volume (30 CEAs/y)
surgeons.14 A review of nearly 4000 CEAs performed in
Connecticut between 1985 and 1991 documented that
surgeons who preformed one or less CEA per year were 2.5
times more likely to have poorer outcomes than those
performing 10 or more CEAs annually (P  .002).15
Although no consensus exists among vascular surgeons
on the minimum caseload necessary to maintain technical
competence in the performance of specialized procedures,
such as CEA, it is intuitive that more experienced surgeons
will achieve better results. The preponderance of data pub-
lished during the past decade confirms that CEA perioper-
ative major morbidity is lowest when the operation is
performed by higher volume surgeons and, in general, in
higher volume centers. What is not clear is whether these
observations are influencing practice patterns. The data
reported in this study suggest that practice patterns for
CEA have not been influenced by outcomes data, at least in
the state of New York.
Despite compelling evidence that perioperative mortal-
ity rate was significantly higher when CEA was performed
by surgeons who carried out five or less CEAs per year,1 we
found that most surgeons who perform CEA in New York
state fall into this category. In 1999, the first year these data
were available, 367 New York surgeons (52.6%) performed
five or less CEAs. In 2000, the most recent year these data
were available, 2 years after publication of the New York
outcomes data, 387 surgeons (56.6%) performed five or
less CEAs. Remarkably, in 1999, one fourth of the sur-
geons performed only one CEA, and in 2000, one third of
New York surgeons performed only one CEA (Table I).
Because other studies have suggested that 10 CEAs per year
is a more reasonable minimum caseload, we defined a
low-volume surgeon in this study with this criterion. Two
thirds of surgeons who carried out CEAs in New York state
were low-volume operators in 1999, and in 2000, 70% of
the surgeons in the state had a low-volume caseload. Ap-
proximately two thirds of all CEAs in New York state in
1999 and 2000 were performed by high-volume and very
high–volume operators, and more than 80% of these pro-
cedures were performed by moderate-volume, high-vol-
ume, and very high–volume operators. Nevertheless, in
1999, the average patient had a one in six chance, and in
2000, nearly a one in five chance, of undergoing CEA with
a low-volume surgeon.
Although somewhat conflicting data exist on the influ-
ence of hospital CEA volume on outcome, in New York
state, operative mortality rate was noted to be significantly
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lower when the procedure was performed in hospitals in
which more than 100 cases were carried out annually,
which is our definition of a high-volume hospital.1 How-
ever, in 1999, only 16.6% of all New York hospitals were
high–CEA volume centers, and in 2000, only 15.7% were
in this category. Conversely, in nearly half of all New York
hospitals, 20 or fewer CEAs were carried out annually
(Table III). Major teaching hospitals were more likely than
nonteaching hospitals to be high–CEA volume centers
(19.6% versus 15.4% in 1999 and 21.7% versus 13.4% in
2000). However, a greater percentage of major teaching
hospitals were low-volume centers when compared with
nonteaching hospitals (56.5% versus 39.7% in 1999 and
54.3% versus 38.7% in 2000).
We also examined whether geographic location influ-
enced overall CEA volumes, in terms of both the concen-
tration of hospitals within various regions and the specific
locales throughout the state. As noted in Table IV, the
mean CEA caseload was not significantly influenced by
whether the hospitals were located in an urban area or
medium-sized city, although a trend was seen towards
lower average caseload in small town hospitals. The highest
mean CEA caseloads were noted in upstate New York,
including the Rochester and Buffalo areas. Within the
metropolitan New York area, the mean caseload per hospi-
tal was greatest in Staten Island and New York City proper,
with the lowest mean caseloads in the state noted in the
Bronx and Brooklyn. It is clear from this analysis that CEA
is most likely available to patients throughout the state, and
likewise, there are hospitals throughout the state in which a
reasonable volume of cases are being performed. Clearly,
the overwhelming majority of New York citizens do not
have to travel far to find an institution in which a CEA can
be performed. Conversely, it also appears that in most of
these communities, many surgeons perform the procedure
very infrequently. Although regionalization of carotid sur-
gery clearly is not occurring in New York state, and prob-
ably is not necessary at least from a geographic perspective,
many patients continue to undergo operation in many of
these facilities with low-volume surgeons. In other words,
patients cannot assume that just because a sizeable number
of CEAs are performed in a particular hospital that their
surgeon has a large caseload. In fact, it appears that the
caseloads in most of these institutions are supported by a
minority of the surgeons that a typical patient may encoun-
ter.
Several limitations exist in this study. First, the ICD-9
code (other head and neck endarterectomy) may have
identified some procedures other than CEA. However, in
view of contemporary vascular surgical practice profiles, we
think this would most likely be a very small number of cases,
at best. Further, inclusion of non-CEA cases in our analysis
would only inflate the overall numbers and not detract from
the number of surgeons who were truly low-volume oper-
ators. Unfortunately, we could not independently validate
the accuracy of the data provided. Second, the database
identified one hospital for each surgeon, although it is very
likely that many surgeons performed CEAs at more than
one facility, confounding the analysis. Third, we could not
determine from this database the overall clinical activity of
the surgeons (ie, cardiac, general, and noncardiac vascular
caseloads) or their board certification status. Fourth, we
could not determine the outcomes of the operations cap-
tured in this analysis, but this was not the purpose of this
study. In addition, the analysis only captured 2 years of
experience. Finally, the implications of this study cannot
necessarily be extrapolated to other states.
Despite these limitations, we cannot escape the conclu-
sion that most surgeons who perform CEAs in New York
state do so infrequently. Although published data from this
state have clearly emphasized the increased operative risks
associated with cases performed by low-volume operators,
it appears that this message has not been adequately com-
municated to providers and consumers. To optimize the
outcome of CEA, it appears that a robust educational
program should be directed to potential carotid patients
and referring physicians.
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DISCUSSION
Dr Dhiraj M. Shah (Albany, NY). Good morning, Dr
Ricotta, Dr Golden, Dr Darling, members, and guests. It is my
pleasure to discuss this nicely presented paper, and I congratulate
Ms Matsen for doing a great job. I hope we all encourage our
medical students to get involved in vascular surgery early. I also
thank the authors for providing a copy of the manuscript.
In your paper, you analyze the data from New York state in
1999 and 2000. The object of the study was to determine whether
the published data in the 1995 paper by Dr Hannon and others
from New York state had influenced the “regionalization” or had
influenced the movement of more carotid endarterectomies to
high-volume centers and high-volume surgeons. The conclusion
of your paper is that it has not because still the majority of surgeons
who do carotid endarterectomy do low-volume surgery.
The 1995 paper, although it was published in Stroke, a
medical journal, really did not have the publicity, until about a few
months ago when the Center for Medical Consumers did get
involved and there was some media publicity. So, really there was
no publicity except for medical publications on the data from
1995; therefore, no marketing was done. Do you have any sugges-
tion as to what kind of marketing should be done? Should it be like
produce marketing as you do in the grocery store, look at the boxes
of cereal, about ingredients? Should all the surgeons have their data
available, their outcome, or any other way to make the consumers
aware of our product and our results?
You have not put in outcome data in this paper in 1999 and
2000 carotid endarterectomy. Not only the short-term data, but I
think the long-term data should be included when we market it
because the volume itself does not say it all. One surgeon may do
one carotid endarterectomy a year and have a good result, that is
100%; on the other hand, some large-volume surgeons may have
poor results.
Although the outcome difference is significant, if you analyze
the data, there is not much difference in absolute number. Stroke
rate is still under 5% in most surgeons’ hands, and the variation was
within 2% to 3%.
Also, in that paper, there are other interesting data, like type of
surgeons doing surgery, whether it is vascular surgeons versus
neurosurgeon, and use of shunt, type of carotid endarterectomy,
all those were analyzed. I think those data should be also available.
If we look at your data differently, still 85% of the carotid
endarterectomies were done by moderate-volume, high-volume,
and very high–volume surgeons. So, some amount of regionaliza-
tion, I would suggest, is already there. Similarly, in 2000, 82% of
carotid endarterectomies were done by surgeons who do more
than 10 carotid endarterectomies. So, there must be some kind of
movement to high-volume surgeons.
Furthermore, as you possibly know from your data, Albany
falls into small town category, so it did not even deserve a mention,
but Albany does the highest volume of carotid endarterectomies in
New York state. So, how do you explain that if there is not some
regionalization going on then why a small town like Albany should
be doing so many carotid endarterectomies?
Also, how do you suggest that if someone starts out new out of
training they will not have any data? How are they going to market
their product line?
In addition to the publicity and free market enterprise, should
there be any governmental regulation? Should the state or the
society put some restrictions that the low-volume surgeons or
low-volume hospitals should or should not do carotid endarterec-
tomy?
Again, I enjoyed your presentation very much and thank you
for the opportunity of the floor.
Dr Philip M. Brown, Jr. It seems a bit like a paper like this is
somewhat preaching to the choir. Thank you for your kind review.
And the questions that you had, I think the first one dealt
primarily with marketing. I am certainly not sure of the best way to
do that. I think probably the best and most ethical way to do that
is exactly this, to continue to publish papers in the medical litera-
ture and hope that it does eventually catch on and go to the lay
public. I think we would walk a very fine line trying to develop
degrees of regulation through government, perhaps it might be a
little better if we involved the state societies. But, by far, in all
likelihood, the best way to regulate this type of thing is within the
community itself and even more so within the groups, with senior
surgeons providing the leadership and looking out what their new
partners are doing and making sure that they are meeting the
appropriate standards that the more senior personnel have held up
for years. I think that sort of grass roots level of regulation is
probably the best way to do it.
Clearly, as you pointed out, there is some degree of regional-
ization and that has to do with referral patterns, and I am sure that
will continue to occur.
Dr John J. Ricotta (Stony Brook, NY). I would like to ask a
question. This is very well presented and some interesting data.
I wanted to ask a little bit about the hospital issue and maybe
make some suggestions about different ways to look at your data.
You had a number of teaching hospitals that did a very low volume
of surgery. By the definition of the Council of Teaching Hospitals,
you do not know whether the residents in those hospitals are
surgical residents or whether they are not surgical residents, and I
think that may be a confounder here, because certainly there are a
number of teaching hospitals with no surgical residency where you
might expect this to be the case.
I think the other question that is interesting is the combina-
tion of a low-volume teaching hospital and what happens in that
low-volume teaching hospital. Are the 10 carotid endarterectomies
done by 10 different surgeons or are they done by one surgeon? Or
another way to put is, from your data, can you go back and figure
out whether there are places where there are five people who do
one carotid endarterectomy a year in the same hospital? Because
that is the kind of thing. I think there have been lots of data that
suggest that it does not make very much difference what volume
the hospital is; it is the surgeon’s volume that is important. And so
the real issue for us in New York state is do we have a lot of hospitals
where a low volume is being done by a large number of people or
is there a different concentration?
I enjoyed the paper very much. I think that we do need to do
some publication. If you go to the American Heart Association or
the Stroke meetings, there are bulletins that come out and they
have press releases and everything that is presented there is all over
the press. And this kind of stuff I think needs to be more widely
known. It tends to get buried, and I would guess that the state
medical society, unless I am wrong, is not going to be real inter-
ested in popularizing this. I think that it is going to be up to the
vascular surgeons to take this forward.
Dr Brown. Yes, I think basically no questions there, just
comments. The point was very well taken about the teaching
hospitals and whether they encompass surgical residents or not.
That is something that might be possible to sift out, as well as the
other issue; it might be possible to analyze.
Dr Bruce J. Brener (Millburn, NJ). How do you react to the
work of the Leapfrog Group, a private group that is dedicated to
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the reduction of medical errors and formulates report cards for
various hospitals? They are very volume oriented. They have set
certain criteria for certain procedures. They set a criterion of 100
carotid endarterectomies per year per institution as a baseline for
recommendations to Fortune 500 companies to send their em-
ployees to that hospital. It seems like an awfully high number to
me, very unrealistic. Do you have any thoughts about that?
Dr Brown. It seems that is purely an arbitrary number. I
think any time that we make things that arbitrary, we run a
significant risk of doing almost as much harm as good. Because
people are blessed with different degrees of talents, and the guy
who may do 35 a year may be the best guy around and he may be
the only guy in a hospital. So, I think we have to be very careful.
And it is probably more important, for instance, in New York state,
where they do have available their cardiac surgery data, morbidity,
and mortality, and perhaps we need to move in that direction with
regard to each surgeon’s statistics. Another very slippery slope, but
one which we may need to consider as well.
Dr David Fox (New York, NY). I would encourage everyone
to look at this website; it is really eye-opening. Not only is the
carotid data available, you will also find aortic aneurysm and
infrainguinal bypass data. It lists the number of cases done by
individual surgeons at each hospital. The data are out there.
I have looked through a bit of the data, and there are some
limitations to it. I found that some of our radiologists had per-
formed infrainguinal bypasses and carotid endarterectomies, which
we know they had not done, and there are no outcomes data. Some
of the benchmarks, as you said, are arbitrary. I believe the high-
volume figure for carotid endarterectomy was defined as around six
cases. So, these data really have to be taken with a grain of salt, but
it is out there
Dr Enrico Ascher (Brooklyn, NY). I did enjoy this presen-
tation very much, but you just raised a few questions in my mind
One is we all agree that with high-volume hospitals, high-
volume surgeons, you get better results. It makes sense. But are
you, if you are doing, for example, less than 15 thoracoabdominal
repairs a year, are you ready to give up doing thoracoabdominal
aneurysms and referring to some other center? Because that is
going to be the next step. We are going to have to have a limited
number of cases, minimum amount of cases, to show that you can
really continue to do these operations. So, are you ready to give up
on some operations in your practice, and should we consider that
as another opportunity for study?
Dr Brown. That brings up the slippery slope analogy again. I
think that certain procedures obviously are better suited to region-
alization than others; namely, the thoracoabdominal aneurysm, for
instance, that you mentioned is much more suited to being done in
select centers in every state as opposed to just being done randomly
because it is so very intensive as far as postoperative care, periop-
erative care, and then the operation itself being quite involved and
frequently multidisciplinary. So, I think in a way that sort of
regionalization is important for some procedures but maybe not as
important for others.
Dr Alan Dardik (New Haven, Conn). Dr Brown, I appreci-
ate and applaud your efforts at Hopkins to analyze outcomes on
statewide data. It is really very important. My questions I hope are
simple.
First, why did you only look at 1999 and 2000? If you are
looking for the effect of 1995 data, shouldn’t you have analyzed
data as far back as 1995 and looked for the trend? We saw that after
the ACAS initial reports. In fact, effects on practice pattern were
quite dramatic and happened quite quickly.
Second, how did you verify the accuracy of your data? Do you
know whether your low-volume, N  1 surgeons, were really the
attending surgeons? How do you know they were not the residents
and therefore the whole analysis is not really valid?
And lastly, how did you exclude combined procedures with
CABG or urgent or emergent procedures that have a higher
mortality? I recognize that these are only a small percentage of the
cases, but your group has previously published algorithms to
exclude this and in your methods you did not mention if you used
these.
Dr Brown. To answer your first question, the paper in ques-
tion was actually 1998 rather than 1995, so that this represents the
2 subsequent years.
Your second question about the volume is that all these data
are actually tracked off of the billing surgeon, so that would remove
any resident or nonsurgeon from the analysis automatically.
And then with respect to your third question, they are basically
all inclusive within here and they are not separated out.
Dr Christopher Max (Hounds Patent, NY). A lot of us work
at multiple hospitals, so is it the N  1 or is it N  3 if we are
working at three different hospitals? Because the volumes, and you
could use the Albany group, for example, where they operate at
many hospitals, so Dr Darling may not do more than five at one
hospital, but he still is a high-volume surgeon. Could you identify
Dr Darling at all those places, or Dr Shah? Or if they put everything
under one person’s name, how does that affect your data also?
Dr Brown. Well, it is basically done separately. So, the sur-
geons get credit for the number of operations.
Dr Max. But can you identify me? I operate at three hospitals.
Can you identify my cases at three different hospitals, or am I three
different surgeons?
Dr Brown. No, you’re the same surgeon at all those hospi-
tals, so you would get additive credit for those. The hospitals
would not get additive credit for the operations you did at the
other institutions.
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